The objective of this review was to systematically evaluate common vetch seeds as a potential feedstuff for animals, by summarizing and discussing the available published literature covering their nutritional composition as well as their content of antinutritional factors and potential techniques for their reduction. In addition, animal feeding studies that have investigated the effect of inclusion of common vetch seeds on animal growth and performance were identified and evaluated to stimulate interest in their use as a good source of nutrients for inclusion in animal diets. The collective literature shows that common vetch seeds are a less costly (in comparison with alternatives) and rich source of protein and minerals for farmed animals, are of high digestibility and have a high energy content, and can be used to partially or totally replace soya bean meal and/or to replace a large proportion of cereals in the diet. Furthermore, the literature shows that common vetch seeds contain a range of antinutritional factors which, if they are to be utilized in non-ruminant diets and to increase their utilizing efficiency, need to be removed or inactivated. This can be achieved via certain pre-processing methods, the combination of which may deliver better results.
Introduction
The common vetch (Vicia sativa L., Tribe Viciae, Family Fabaceae/Leguminosae/Papilionoidea) is one of the world's most economically important annual seed legumes (Miki c et al., 2009) . Although the species originated from the arid regions of the Middle East (Ford et al., 2008) , it is now widely cultivated in many areas of the world (Francis et al., 1999) because it offers a low cost, rich source of protein and minerals (Akpinar et al., 2001; Mao et al., 2015) . As a crop plant, V. sativa plays an important role both as a feed for livestock (Kaya et al., 2013) and in the human diet (Enneking, 1994; Akpinar et al., 2001) , especially in times of food scarcity (Enneking, 1994) and in the diet of destitute vegetarians (Uzun et al., 2011) . Globally, the production area of the common vetch and other vetches is approximately 573 769 ha, equating to a crop production yield of 926 982 tonnes/year and an average annual yield of 1616 kg/ha (FAO, 2013) . Cultivation is mainly concentrated in Ethiopia, Mexico, Turkey, the Russian Federation and Spain (FAO (Food and Agriculture Organization of the United Nations), 2013).
The common vetch has good suitability for cultivation where other food legumes (Francis et al., 1999) or perennial forage legumes (Nan et al., 2006) are poorly suited, including in extremes of winter, that is cold, dry conditions (Francis et al., 1999) , and in alpine conditions (Nan et al., 2006) . It can be grown in diverse soil types, from shallow duplex soil to heavy clays, and in soils with pH levels from 4.5 to 9.0 (Ford et al., 2008) , with the exception of saline soils and those prone to surface sealing (Seymour et al., 2003) . Low to medium rainfall zones (<325-450 mm) are considered to provide the best growth conditions for the common vetch (Seymour et al., 2003) .
While the common vetch plant can be grazed (Rihawi et al., 2010) , cut for hay production (C ß akmakc ßi and Ac ßikg€ oz, 1994; Abbeddou et al., 2011; its seeds can also be harvested at relatively low cost and utilized as a valuable feed alternative for inclusion in animal diets, mostly as a rich source of highly digestible protein and minerals (Collins et al., 2002; Seymour et al., 2002) . However, common vetch seeds also naturally contain certain neurotoxic compounds, such as c-glutamyl-b-cyano-alanine (GCA), b-cyano-L-alanine (BCA) that are toxic to monogastrics (Ford et al., 2008; Meg ıas et al., 2014) .
It is estimated that by 2050, between 60% and 70% more animal products will be needed worldwide (Makkar et al., 2016) and, as part of this, world demand for legume protein in animal feed will grow, which would present significant challenges due to factors such as increased land degradation, food-feedstuff competition and the effects and unpredictability of ongoing climate change. Enlargement of animal feed resource base through the development of new additives or recognition of novel type feedstuffs that improve their utilization efficiency would play a key role in sustainable development of the animal husbandry (Makkar et al., 2016) .
Against this background, there is a need to summarize the available data on the nutritional value and nutrient content of common vetch seeds and to evaluate its potential for use as an animal feedstuff. This will inform its optimal use as a commercial crop in sustainable agriculture.
Nutritional composition of the common vetch

Proximate nutrients
The proximate nutritional content of common vetch seeds is given in Table 1 . The average crude protein (CP) content of the seeds is 283.63 g/kg dry matter (DM), equivalent to 52.43% soya bean meal (SBM) (Hess et al., 2006) . Variation in CP content is largely within different cultivars, ranging from 266 to 316 g/ kg DM (Larbi et al., 2011) , while it has a small variation in CP content, ranging from 289 to 298.9 g/kg DM within varying environmental conditions (Larbi et al., 2011; Mao et al., 2015) . This large variation may reflect specifically the importance of varying cultivars on the CP content of common vetch seeds in comparison with climatic conditions.
Fatty acid and amino acid contents
Common vetch seeds contain 8.95-38.00 g/kg DM of crude fat (Table 1 ). The total ratio of unsaturated to saturated fatty acids ranges from 3.0:1.0 to 3.7:1.0 (Pastor-Cavada et al., 2009; Mao et al., 2015) . The major saturated fatty acid component is palmitic acid (comprising 15.79-17 .42% of the total), while linoleic acid (comprising 52.56-54.39% of the total), a-linolenic acid (comprising 9.03-12.12%) and oleic acid (comprising 8.33-11.54%) constitute the major components of the unsaturated fatty acid content (Mao et al., 2015) . Pastor-Cavada et al. (2009) recommended that common vetch seeds can be used as an Hadjipanayiotou et al., 1985; Aguilera et al., 1992; Aletor et al., 1994; Valentine and Bartsch, 1996; Abreu and Bruno-Soares, 1998; Darre et al., 1998; Allan et al., 2000; Hadjipanayiotou and Economides, 2001; Farran et al., 2001b; Collins et al., 2002 Collins et al., , 2005b Gonz alez and Andr es, 2003; Sharma and Kalia, 2003; Rotger et al., 2006; Miki c et al., 2009; Samarah and Ereifej, 2009; Budag and Bolat, 2010; Ramos-Morales et al., 2010; Larbi et al., 2011; Uzun et al., 2011; Seifdavati et al., 2012; Mao et al., 2015; Rybi nski et al., 2015. †Number of supporting literature. ‡ADF, acid detergent fibre; ADIN, acid detergent-insoluble nitrogen; ADL, acid detergent lignin; CF, crude fibre; CP, crude protein; CPS, crude protein solubility; DE, digestible energy; DM, dry matter; GE, gross energy; ME, metabolizable energy; NDF, neutral detergent fibre; NDIN, neutral detergent-insoluble nitrogen; OM, organic matter. SD, standard deviation; WICW, water-insoluble cell walls.
important source of dietary lipids on the basis of their fatty acid composition. The observed differences in CP content of common vetch seeds within different cultivars and varying climatic conditions correspond to similar variations in amino acid (AA) content. As shown in Table 2 , the total AA content of seeds ranges from 173.00 to 286.05 g/kg DM, within which leucine (16.38-21.31 g/kg DM) and glutamic acid (22.10-55.20 g/kg DM) are, respectively, the main essential and non-essential amino acids in common vetch seeds. Mao et al. (2015) recommended a ratio of essential to non-essential amino acids in common vetch seeds of 0.62:1.0 to 0.69:1.0, which is higher than the World Health Organizations' recommended ratio for human adults of 0.38:1.0 (Joint WHO/FAO/UNU Expert Consultation, 2007).
Minerals
Common vetch seeds are a rich source of minerals (Mao et al., 2015) , although the content of individual minerals varies significantly among varieties (Uzun et al., 2011) , ranging from 9.10 to 12.30 g/kg DM for potassium, from 2.30 to 5.07 g/kg DM for phosphorus and from 31.00 to 42.33 mg/kg DM for zinc, as shown in Table 1 . It is worth noting that the ratio of calcium to phosphorus is typically in the range of 0.24-0.73:1.0 (Mao et al., 2015) , which is substantially lower than that recommended by the World Health Organization for human adults (Calvo and Park, 1996) and may therefore inhibit absorption of calcium and negatively influence bone health (Kemi et al., 2010) .
Energy
The gross energy (GE) content of common vetch seeds is 17.10-21.10 MJ/kg DM (Hadjipanayiotou et al., 1985; Abreu and Bruno-Soares, 1998; Ramos-Morales et al., 2010) , while the metabolizable energy (ME) content is 8.67-12.50 MJ/kg DM (Valentine and Bartsch, 1996; Budag and Bolat, 2010) .
Overall, common vetch seeds provide a rich source of protein and minerals, characteristics that indicate potential as a source of important nutrients for incorporation into animal diets.
Biological value of the common vetch
Determining the biological value of common vetch protein is very important in establishing its potential as an animal feed source. Nutritional composition analyses do not always reveal how much of a protein is biologically available and absorbed in the animal intestine (Chavan et al., 1989; Bampidis and Christodoulou, 2011) . Amino acid availability (AAA) (Friedman, 1996) , intestinal digestibility of rumen undegradable protein (IDRUP) (Seifdavati et al., 2012) and the apparent digestibility coefficient (ADC) (Ravindran et al., 2005) are all important parameters in determining the biological value of protein sources.
For raw common vetch seeds, apparent ileal AAA values have been reported as 0.615, 642 and 0.730 in male pigs (28 days of age), male pigs (32 kg liveweight) and male broilers respectively (P erez et al., 1993; Seabra et al., 2001; Collins et al., 2005b) . IDRUP values of 0.820 in goats (Ramos-Morales et al., 2010) , and as high as 0.920 in female lambs (Seifdavati et al., 2012) have been reported. ADC values in juvenile silver perch have been reported to be 0.712 (Allan et al., 2000; Booth et al., 2001) , and in wethers as high as 0.860 (Hadjipanayiotou et al., 1985) .
In vivo and in vitro digestibility
There is large variation in the relative digestibility of common vetch seeds in different animals. According Aguilera et al., 1992; Darre et al., 1998; Allan et al., 2000; Farran et al., 2001b; Hadjipanayiotou and Economides, 2001; Collins et al., 2002 Collins et al., , 2005b Miki c et al., 2009; . Mao et al., 2015 . †Number of supporting literature. ‡DM, dry weight; SD, standard deviation.
to Hadjipanayiotou et al. (1985) , the DM, organic matter (OM), CP and GE digestibilities of common vetch seeds in wethers were, respectively, 0.890, 0.910, 0.860 and 0.840 (DM basis) (Table 3) , while GE digestibility was as high as 0.891 in rams (Abreu and Bruno-Soares, 1998) . In addition, the DM, CP and GE digestibilities of common vetch seeds in juvenile silver perch have been reported to be, respectively, 0.435, 0.712 and 0.528 (Allan et al., 2000; Booth et al., 2001 ). Koumas and Economides (1987) reported that the apparent digestibility of DM, OM, CP and GE of common vetch seeds by male lambs and male kids was similar and that increasing the proportion of common vetch in the diet did not impact on apparent digestibility (Table 4) . Similarly, Seifdavati et al. (2012) studied replacement of SBM with common vetch seeds in diets of female lambs. They reported no differences in the apparent digestibility of DM, CP, crude fibre (CF), neutral detergent fibre (NDF) and GE between the two tested diets. In addition, several studies have shown that apparent CP digestibility values of common vetch seeds were greater in rats than in wethers, male lambs, male kids, goats or juvenile silver perch, as shown in Table 4 .
In addition, according to Aletor et al. (1994) , in vitro DM and OM digestibility values of raw common vetch seeds have been determined as, respectively, 0.854 and 0.8250.
Ruminal degradability
The available data on ruminal degradability of common vetch seeds are summarized in Table 5 . Ruminal degradability values of CP have been reported as 0.528 (DM basis) in mature goats (Hadjipanayiotou and Economides, 2001) , and as high as 0.730, 0.808 and 0.857 in heifers, mature cows and mature rams respectively (Guedes and Silva, 1996; Rotger et al., 2006; Zagorakis et al., 2015) . Moreover, in mature (Aguilera et al., 1992) .
Ruminal fermentation characteristics
Kaya and Yalc ßin (2000) evaluated the effects of dietary supplementation with common vetch seeds on rumen fermentation in male lambs. They reported that pH, total volatile fatty acid (VFA) and ammonia nitrogen (NH 3 -N) concentration of rumen fluid were generally unaffected in male lambs fed diets with increasing dietary inclusion levels. In a further study, Budag and Bolat (2010) reported that dietary supplementation with common vetch seeds in sheep fed maize silage-based diets resulted in increased production of volatile fatty acids such as acetic, butyric and propionic acid, and decreased production of NH 3 -N, but had no effect on rumen pH, compared with a SBM control diet. These authors also showed that diets based on common vetch seeds compared with SBM had no effect on the synthesis of microbial proteins in the rumen and on the efficiency of microbial protein synthesis (Budag and Bolat, 2010) .
Factors influencing the utilization of the common vetch as animal feed
As with other seed legumes, common vetch seeds contain a variety of antinutritional factors (ANFs), such as GCA, BCA, vicine, phenolics, trypsin inhibitor (TI), tannins and convicine. For raw common vetch seeds, GCA values range from 8.10 to 9.88 g/ kg DM (Berger et al., 2003; Meg ıas et al., 2014) , total phenolics values range from 4.98 to 13.57 g/ kg DM (Berger et al., 2003) , condensed tannins values range from 2.83 to 6.10 g/kg DM (Aletor et al., 1994; Berger et al., 2003) , TI activity values range from 2.95 to 5.00 g/kg DM (Aletor et al., 1994) , and BCA values have been found to range from 0.09 to 3.6 g/kg DM (Ressler et al., 1997; Farran et al., 2001a; Meg ıas et al., 2014) . Moreover, the vicine and convicine contents of common vetch seeds are, respectively, 7.91 and 1.47 g/kg DM (Farran et al., 2001a) . These factors have limited the use of the seeds in food and/or feedstuffs. Several studies have shown that the presence of ANFs in seeds decreases the bioavailability and absorption of nutrients (Liener, 1970; Berger et al., 2003; Seifdavati et al., 2012; Emire et al., 2013; Oghbaeil and Prakash, 2016) and may even have negative effects on animal performance (Collins et al., 2002; Mati c et al., 2005) . Due to the ANF content of common vetch seeds, and with the aim of avoiding their adverse effects, maximum levels for their incorporation into the diets of monogastric animals have been recommended (<0.1% of total protein or 0 toxin level) (Ford et al., 2008) . However, the literature indicates that high inclusion rates of common vetch seeds in ruminants' diets does not appear to produce detrimental effects on health (Koumas and Economides, 1987; Mati c et al., 2005; Fırıncıo glu et al., 2007) , and may even exert beneficial effects including improved nutrient absorption (Koumas and Economides, 1987) . According to Barry and Manley (1984) , the high tannin concentrations in ruminant diets are beneficial due to the capacity of tannins to form stable complexes between pH 4 and 7 that protect proteins from microbial degradation in the rumen. Improving the utilization efficiency of the common vetch in animal feeds
To improve the nutritive value and utilization efficiency of common vetch seeds as a feed ingredient for non-ruminant animals, it is crucial that ANFs are inactivated or reduced in order to enable higher protein availability and effective utilization of the stored energy (Akande and Fabiyi, 2010) . Pre-processing methods such as selective breeding, heat treatment, soaking, chemical treatment, dehulling and germination (Lambein et al., 2005) not only remove or inactivate some of the ANFs in common vetch seeds, but also improve the palatability, availability and digestibility of contained nutrients (Mati c et al., 2005 (Mati c et al., , 2007 Miki c et al., 2009; Akande and Fabiyi, 2010; Fern andez-F ıgares et al., 2014; Oghbaeil and Prakash, 2016) .
Reducing the content of ANFs
Relative to home methods, selective breeding is regarded as an additional highly effective means of reducing the content of ANFs to a level that is safe to eat (Mati c et (2007) found that the ANF contents of two new common vetch varieties (Morava and Rasina), produced by selective breeding methods, were significantly reduced compared with the conventional varieties Blanche fleur and Languedoc, by approximately 50% and 62.5% respectively. In addition, several researchers have reported that the use of transgenic technology can reduce the concentration of these ANFs significantly (Kaeppler, 2000; Novak and Haslberger, 2000; Zhang and Shi, 2011; Ramadoss and Shunmugam, 2014 ). Relative to selective breeding methods or transgenic technology, home methods, which include heat treatment, dehulling, soaking, chemical treatment and germination, can also effectively remove or inactivate some of the ANFs of legumes. Among the available heat treatment methods, moist heating is often more effective than dry heating (Babar et al., 1988; Carlini and Udedibie, 1997) . The degree of inactivation is dependent upon temperature, duration of heating and seed particle size (D'Mello, 1982) . Emire et al. (2013) reported that the existence of most ANFs in seed legumes can generally be inactivated by proper heat treatment and that processing conditions may play a key role in their reduction where complete elimination may not always be possible. A study by Ressler et al. (1997) showed that GCA and BCA components were reduced by 74% and 20%, respectively, when common vetch seeds were cooked at 100°C in water for 3 h. These authors also recommended that dehulling the seeds, followed by lengthy soaking in water at room temperature, can be effective in removing neurotoxins, but noted that this method is ineffective on intact seeds (Ressler et al., 1997) . In a separate study (Farran et al., 2001a) , these authors found that the BCA, vicine and convicine contents of common vetch seeds soaked in 1% acetic acid solution or NaHCO 3 were significantly reduced by 80.56%, 78.13%, 35.37% and 66.67%, 52.84%, 14.97%, respectively, compared with their content in raw common vetch seeds (Table 6 ). In a further study, Farran et al. (2002) studied the vicine and convicine contents of common vetch seeds soaked in 40°C water (at a concentration of 1:10 seeds:water) for 24, 48 or 72 h, with the water changed every 12 h, were significantly reduced to, respectively, 61.56%, 82.99%; 50.95%, 68.03% and 33.37%, 46.25%, compared with that in raw common vetch seeds, and ground effect was better. Doblado et al. (2007) and Ramadoss and Shunmugam (2014) suggested that seed germination results in the decrease or even disappearance of some ANFs in seed legumes. Moreover, Akande and Fabiyi (2010) recommended that the usage of only one of these methods may be ineffective in removing or reducing the undesirable effects of antinutritional substances, but a combination of two or more methods may be effective.
Overall, the available literature to date suggests that ANFs present in common vetch seeds can be inactivated or reduced by the use of a range of adequate processing techniques, as well as by selective breeding and transgenic technologies.
Improving nutritional value
Selective breeding methods for grain legumes improve not only protein content, but also protein quality, in particular with respect to AA composition and CP digestibility (Monti and Grillo, 1983; Clarke and Wiseman, 2000) , and offer an extremely cost-effective technique for improving nutritional value (Casler, 2001 ). In addition, several researchers have reported that transgenic technology can be used to enhance the nutritional value of legume seeds (Casler, 2001; VandenBosch and Stacey, 2003) .
In relation to home methods, several studies have reported as follows. Fern andez-F ıgares et al. (1995) reported that growing poultry fed diets containing common vetch seeds autoclaved at 120°C for 30 min, compared with those fed diets containing untreated common vetch seeds, exhibited an increase in AA digestibility of 13.33% [0.85 (treated seeds) vs. 0.75 (untreated seeds)]. The authors concluded that autoclave treatment is useful for improving the nutritional value of common vetch seeds for inclusion in poultry diets (Fern andez-F ıgares et al., 1995) . In addition, Booth et al. (2001) showed that dehulling improved the apparent DM, CP and GE digestibility coefficients of common vetch seeds by 85.52%, 24.58% and 52.84% (i.e. 0.435 vs. 0.807, 0.712 vs. 0.887 and 0.528 vs. 0.807). In a separate study (Farran et al., 2001b) , these authors reported that soaking in acetic acid at room temperature or at 40°C improved the nutritional quality of common vetch seeds, but soaking in water at 40°C did not (Table 6 ). In addition, soaking and autoclaving affects the chemical composition of common vetch seeds, as shown in Table 7 (Sharma and Kalia, 2003) . These techniques improved the content of NDF and energy, but resulted in significant losses in the content of CP, ash, CF and total soluble sugars (Sharma and Kalia, 2003) . Fernandez-Orozco et al. (2009) observed that seed germination in pulses resulted in an increase in Table 6 The effect of processing on the nutritional content and antinutritional factor content (g/kg DM) of common vetch (CV) seed reported in several sources (Farran et al., 2001a,b) certain antioxidant compounds that are beneficial to health, including vitamins C and E, phenols, and a reduction in glutathione. However, a study by Aguilera et al. (1992) found that heat treatment of common vetch seeds (by autoclave at 120°C for 30 min) reduced the effective DM and CP degradability by 9.12% and 8.18% respectively. Overall, the available literature suggests that certain processing methods can improve the nutritional value of common vetch seeds and that selective breeding methods may be considered as an extremely costeffective technique in this regard. Seed dehulling treatments may be the most effective processing method for improving nutritional value.
Animal feeding studies using common vetch seeds
In animal nutrition, seed legumes are mainly incorporated into the diet as protein and energy supplements. However, as discussed previously, their use in feedstuffs is limited by the existence of a variety of ANFs (Khattab and Arntfield, 2009; Ramadoss and Shunmugam, 2014) . When raw common vetch seeds are used in animal diets at high inclusion levels, they may exert negative effects on animal health and growth.
The available literature suggests that raw common vetch seeds can be used in ruminant diets at inclusion levels up to 250 g/kg or more, whereas in pig (91-119 days of age), pig (1-91 days of age), layers, rabbits and broilers they can be included at levels up to 225 g/kg, 150 g/kg, 150 g/kg, 100 g/kg and 100 g/kg, respectively, to support growth and reproductive performance without adverse effects (Table 8) . Ford et al. (2008) reported that common vetch seeds containing 280-320 g/kg DM protein can be used as a high-quality feed for ruminant animals. Koumas and Economides (1987) studied the nutritional value of common vetch seeds in the diets of male Chios lambs and male Damascus kids, as a replacement for SBM ( Table 9 ). In that study, the male lambs and kids were fed diets including 0, 300 or 430 and 0, 300 or 450 g/ kg common vetch seeds (as fed basis) respectively. The authors reported no differences in final body weight (BW), BW gain or DM intake among the treatment groups, but the male lamb groups fed the common vetch seeds exhibited a slightly improved feed conversion ratio (FCR) compared with those fed only SBM. Moreover, the authors recommended that in lambs or kids, common vetch seeds can replace SBM and a significant portion of the cereal grain content of the diet without any adverse effects on growth performance. These findings are consistent with those of G€ ul et al. (2005b) who demonstrated that DM intake, BW gain and FCR in fat-tailed Awassi male lambs were not affected when SBM vs. raw common vetch seeds in proportions of 330:0 g/kg (control), 250:150 g/kg and 185:250 g/kg (SBM: common vetch seeds) was used. Nevertheless, there was a numerical improvement in FCR with increasing levels of inclusion of common vetch seeds (G€ ul et al., 2005b) . In a separate study (G€ ul et al., 2003) , these authors showed that male Awassi lambs fed diets including 0, 150 or 250 g/kg raw common vetch seeds (as fed basis) exhibited no differences in DM intake, BW gain or FCR. Kaya and Yalc ßin (2000) , who studied the nutritional value of incorporation of common vetch seeds into the diets of Karaman 9 Dorset Down G1 crossbreed male lambs, reported that increasing the level of supplementation did not affect DM intake, BW gain or FCR.
Ruminants
Sheep and goats
In a separate study (Koumas and Economides, 1987) , these authors found that 105-or 122-day-old male lambs and kids fed common vetch seeds at increasing inclusion levels did not show any G€ ul et al. (2003) reported an altered histological structure of the livers of 7-month-old Awassi lambs fed similar dietary treatments including common vetch seeds.
Dairy cows
In a study by Valentine and Bartsch (1996) , the introduction of common vetch seeds as a feed additive into the diets of early lactation Holstein-Friesian cows, at an inclusion level of 18% (replacing the same proportion of lupin seeds), was found to have a negative effect on milk yield (27.7 l/day in the common vetch seed group vs. 30.3 l/day in the lupin seed group) (Table 10 ). However, there was an increase in the fat and protein content of the milk in cows fed the common vetch seeds compared with the lupin seeds [44.8 g/kg vs. 43.1 g/kg (fat); 31.6 g/kg vs. 30.5 g/kg (CP)] as well as an increase in growth rate (1.2 kg/day vs. 1.0 kg/day). Overall, the available literature suggests that the substitution of SBM or quite a significant portion of the cereal grain content of the diet with common vetch seeds does not significantly alter growth performance of ruminants.
Pigs Teixeira et al. (1996) evaluated the effects of partial and total replacement of SBM with common vetch seeds on the performance of 10-week-old Large White 9 Landrace pigs. Three levels of inclusion were tested: 0%, 50% and 100%. There were no differences in BW gain or FCR among the treatment groups although there was a trend towards greater BW gain and FCR in the 100% common vetch seed group. In another study, Collins et al. (2002) investigated the effect of dietary replacement of peas with common vetch seeds on the productivity of 3-month-old pigs (with initial mean BW of 37.6 kg), where common vetch seeds replaced peas at levels of 0, 75, 150 and 225 g/kg (Table 11 ). These authors found no difference in final BW, BW gain, daily feed consumption (DFC) intake or FCR between the treatment groups. In a separate study, Seabra et al. (2001) showed that male piglets fed common vetch seeds had similar DFC intake and BW gain to the control group (fed the diet without common vetch seeds). Moreover, a further study by Collins et al. (2005a) , on the effects of dietary inclusion of different inclusion levels of common vetch seeds up to 225 g/kg on productivity of male grower pigs between 91 and 161 days of age, reported negative influences of increasing concentration of common vetch seed on BW gain and DFC intake during the finishing and overall experimental periods, but no differences were observed in the growing period among the treatment groups.
The study by Teixeira et al. (1996) reported on meat quality in the different dietary treatment groups and found that meat quality characteristics such as tenderness and flavour were not affected by the inclusion of common vetch seeds at the inclusion levels tested. In the Collins et al. (2005a) study discussed previously, it was additionally reported that pigs slaughtered at an average weight of 106 kg had the same carcass yield (82.8 kg/100 kg of BW) regardless of the dietary inclusion level of common vetch seeds up to 150 g/kg, but the carcass yield of this group was significantly higher than that of pigs fed higher inclusion levels of common vetch seed (225 g/kg). Carcass characteristics, such as P2 backfat depth and real-time ultrasound P2 backfat depth, remained the same among the different dietary treatments (Collins et al., 2005a) .
Overall, the available literature suggests that in pig diets based on SBM, peas and cereal seeds, their substitution with common vetch seeds does not affect the growth performance in the growing period, but can negatively affect growth performance during the finishing period.
Poultry
Quails
A study by Yalc ßin et al. (1998) showed that raw common vetch seeds can partially replace SBM at inclusion levels of 50 g/kg diet without affecting DFC, BW gain, FCR or carcass yield of Japanese quail. However, inclusion at higher levels of 100 and 150 g/kg feed adversely affected BW gain and FCR, suggesting that birds may have been susceptible to the ANFs contained in the raw common vetch seeds when given at these higher levels (Table 12) .
Broiler chickens
A study by Darre et al. (1998) found that partial replacement of corn-SBM (at a level of 100 g/kg feed) with raw or heated common vetch seeds (treated by the cooking-decantation method) did not affect final BW, BW gain or FCR of broiler chickens compared with a control corn-SBM diet (Table 12) .
In contrast, Saki et al. (2008) demonstrated the nutritional value of raw vs. heated common vetch seeds (treated by soaking and then cooking in water at 100°C for 60 min, followed by drying for 48 h) on growth performance in broiler chickens. The researchers incorporated the vetch seeds at different levels of inclusion up to 300 g/kg in the diets of male broiler chickens from 1 to 21 and 21 to 42 days of age and reported a negative effect of both treatments (raw or heated vetch seeds) on DFC intake and BW gain, but no effect on FCR among the treatment groups, with the exception of the 300 g/kg raw common vetch treatment group. Similarly, Sadeghi et al. (2011) , in a study of the nutritional value of raw and heat-treated common vetch seeds added to the diet of 22-to 42-day-old broiler chickens, at inclusion levels of 0, 100, 200 or 300 g/kg feed (as fed basis), reported that increasing the proportion of common vetch seeds in the diet negatively influenced BW gain, but significantly increased FCR. They also found that the heat treatments (which comprised of soaking the seeds in water at room temperature for 10 h, washing with tap water, then cooking at 95°C for 90 min, washing again and then cooking again at 95°C for 30 min) improved both BW gain and FCR, which could be due to the effects of the heat in improving the availability and utilization of nutritional components (Sadeghi et al., 2011) . A study by Saki et al. (2008) showed that the relative weights of broiler thighs, breasts, livers and pancreases were not impaired by the addition of increasing concentrations of raw or heated common vetch seeds to the diet from 1 to 42 day of age, compared with a corn-SBM control diet. In a further study, Sadeghi et al. (2011) additionally showed no effects of the dietary treatments on serum parameters, carcass characteristics or small intestinal morphology, compared with the control diet. The authors also reported that dietary supplementation of the broilers with raw common vetch seeds at an inclusion level of 300 g/kg resulted in lower abdominal fat levels and higher liver relative weights, compared with those fed a control diet (Sadeghi et al., 2011) .
Layer hens Castanon and Perez-Lanzac (1990) studied the effects of dietary inclusion of different concentrations of raw common vetch seeds up to 469 g/kg, on the productivity of laying hens. They reported that DFC intake, egg production (EP) and FCR were all negatively affected by increasing the proportion of raw common vetch seeds in the diet, which may be due to the accumulation of toxicants in the body tissues of the birds. In a further study, Farran et al. (1995) investigated the effects of raw common vetch seeds (as a partial replacement for corn-SBM) in the diets of Comb White Leghorn laying hens, on growth performance and egg quality ( Table 13 ). In that study, hens received 0, 75, 150 or 225 g/kg raw common vetch seeds in their diets. The authors concluded that raw common vetch seeds can partially replace corn-SBM at inclusion levels up to 150 g/kg of diet without affecting DFC intake, EP, egg weight (EW), egg quality or FCR of laying hens, while a higher inclusion level of 225 g/kg of diet impaired reproductive performance. These findings are consistent with those of G€ ul et al. (2005a) who reported that raw common vetch seeds can partially replace corn-SBM in layer diets, but at a level of 220 g/kg egg laying performance of Lohman laying hens is impaired. Kaya et al. (2013) reported a similar effect on the egg quality of laying hens when common vetch seeds were added to the diet at levels of 250 g/kg, but a negative effect on DFC and EP, compared with a standard commercial layer (control) diet. Similarly, Farran et al. (2001a) showed negative effects of dietary inclusion of 600 g/ kg common vetch seed on egg production, which was reported to cease totally after 14 days on the vetch seed supplemented diet. A separate study by Farran et al. (1995) studied the effects of dietary inclusion of differentially treated common vetch seeds at an inclusion level of 250 g/kg in the diets of Comb White Leghorn laying hens on growth performance and egg quality. The authors reported that the soaked, autoclaved and soaked-autoclaved common vetch seed dietary treatments all improved the DFCs, EPs and FCRs of Comb White Leghorn laying hens, compared with hens receiving raw common vetch seeds. Conversely, EW (egg weight), yolk colour and shell thickness were not different among the treatment groups. In a further separate study, Farran et al. (2001a) showed that dietary incorporation of common vetch seeds (at 600 g/ kg) treated in any of three ways (soaked in water (1:10, wt/vol) at 40°C for 72 h; soaked in 1% acetic acid at 40°C for 24 h; or soaked in 1% acetic acid at room temperature for 24 h) improved the egg laying performance of Comb White Leghorn laying hens, compared with a raw common vetch seed diet. These authors also showed that EWs of hens fed the treated common vetch seeds were similar, but had a higher Haugh unit score (a measure of egg protein quality), thinner shell and lower yolk colour score compared with hens fed a diet of corn-SBM (Farran et al., 2001a) . Kaya et al. (2011) evaluated the effects of dietary inclusion of raw, soaked or soaked and boiled common vetch seeds, given at 250 g/kg final feed, in the diets of hens during their peak egg production period. The diets containing soaked and boiled common vetch seeds did not affect final BW, weight change, EP or FCR, while the diets containing raw, soaked common vetch seeds had an adverse effect on final BW, weight change, EP and FE, compared with the control diet containing no common vetch seeds. On the basis of their results, the authors recommended that soaked and boiled common vetch seeds should be added to the diet of hens at a maximum inclusion rate of 250 g/kg final feed. In a further study, the same authors reported that the DFC intake and egg quality of laying hens fed 250 g/kg autoclaved or raw common vetch seeds were similar to those of hens fed a roasted common vetch diet, but the hens exhibited reduced EP. These authors also observed that DFC intake, EP and EW were all reduced in the common vetch treatment groups compared with hens fed a standard commercial layer (control) diet (Kaya et al., 2013) . Conversely, egg quality parameters such as shape index, shell strength, shell thickness, shell weight, yolk colour, yolk index, albumen index and Haugh unit did not differ across treatment groups (Kaya et al., 2013) . Overall, the available literature suggests that the supplementation of poultry diets with common vetch seeds does not affect the growth performance of broiler chickens, or the egg production of laying hens, provided the inclusion is at a low level, of 100 g/kg. Dietary inclusion of heat-treated common vetch seeds may improve performance in broilers and layers.
Rabbits
Available information on the nutritional value of the common vetch as a feedstuff for rabbits is limited (Table 14) . Yalc ßın et al. (2003) evaluated the effects of dietary inclusion of vetch seed on the performance and carcass characteristics of growing rabbits in a 6-week experiment. Raw common vetch seeds were fed to 35-to 77-day-old growing rabbits at inclusion levels of 0, 100, 200 and 300 g/kg, in partial replacement of full fat soya, wheat bran, sunflower seed meal and corn. No differences in BW gain, DFC intake, FCR or mortality were observed among the treatment groups. These authors also reported that carcass yield and the proportions of carcass parts and organs (i.e. head, skin and limbs, hind legs, forelegs, abdominal wall, loin, breast and ribs, kidney, liver, heart, lung) were unaffected by the inclusion of common vetch seeds in the diet.
Overall, the limited literature that is available suggests that the substitution of cereal seeds with common vetch seeds in rabbit feedstuffs does not significantly alter growth performance and carcass characteristics of rabbits.
Rats
In a study by Islam et al. (2003) , in which growing Long-Evans rats were fed different dietary proportions of common vetch seeds, results showed that feeding with poultry pellet feed or common vetch seeds plus methionine (added at 334 AE 0.1 g/kg final feed) resulted in increased BW gain and spleen weight, but lower proportional weight of gut length, jejunum weight and apparent CP digestibility, than rats fed with common vetch seeds (added at a level of 334 g/ kg final feed) (Table 15) .
Overall, the literature suggests that the substitution of poultry pellet feed with common vetch seeds plus methionine in rat feeds does not significantly alter growth performance.
Conclusions
Overall, the available literature suggests that common vetch seeds are a potentially valuable, alternative vegetable source of protein and energy for animals, and can be used to partially or totally replace SBM and/or to replace a significant portion of the cereal grain content of the diet without adverse effects on growth performance. Generally speaking, raw common vetch seeds can be used in ruminant diets at inclusion levels up to 250 g/kg or more, and in pig (91-119 days of age), pig (1-91 days of age), layer hen, rabbit and broiler diets at levels up to 225 g/kg, 150 g/kg, 150 g/kg, 100 g/kg and 100 g/kg, respectively, to support growth and reproductive performance without adverse effects. Using adequate processing techniques, it is possible to inactivate or reduce the antinutritional factors that are present in common vetch seeds, so that they can be added to the diets of pigs and poultry at higher inclusion levels. Relative to a single processing method, the combination of two or more processing methods may be effective in this regard. In addition, selective breeding methods may be considered as an extremely cost-effective means of improving the nutritional value of the common vetch for use in animal feedstuffs.
